INTRODUCTION
The primary and secondary cooling systems of French pressurized water reactor contain many welded components with complex geometry : elbows, welding without smooth profile, nozzles. In service inspections of such components performed with conventional ultrasonic (US) contact transducers present limited performances. First, variations in sensitivity, due to unmatched contact on depressions or irregular surface are observed, resulting in poor detection performances. In addition, the beam orientation transmitted through complex interfaces cannot be totally controlled, because of the disorientations suffered by the transducer during its displacement. As a result, the detected defect cannot be correctly characterized, in terms of localization, geometry, orientation and size. At last, the geometry of some components, for example nozzles, disturbs the displacement of the transducer, resulting in an uncovered scan area.
To overcome these difficulties and to improve the performances of such inspections, we propose a new concept of phased array contact transducer. First, the radiating surface is flexible to optimize the contact, and thus the sensitivity of the testing. Second, to improve the characterization of detected defects, the characteristics of the transmitted beam have to be controlled and preserved during the scanning, particularly its actual orientation and focal depth. To this aim, we propose an algorithm that optimizes the delay law. This computation needs the actual position of the elements, thus a specific instrumentation is associated with the transducer to measure its radiating surface distortions. In the first part the model used to simulate the field transmitted by a flexible phased array contact transducer is presented. Further, the various parts of the system are described. Finally, experimental results in transmission and pulse-echo modes are proposed. They validate the ability of this system to control the field transmitted through irregular interfaces, resulting in an increase of the defect detection and characterization. 
SIMULATION OF THE US FIELD
The French Atomic Energy Commission (C.E.A.), has developed the 'Champ-Sons' model that predicts the field transmitted by arbitrary transducers (monolithic and phased array, immersed and wedge coupled) through complex interfaces. This model, implemented in the Viva software, has been experimentally validated for several configurations of immersed inspection [l-2] and compared to other approximate or exact models [3] . To deal with directly coupled contact transducers, we have to simulate the displacement generated in a solid by an acoustical source applied directly on its surface. This source can always be considered as a distribution of loading point forces. Among the several models, the selected one [4-51, is based on the reciprocity theorem [6] , and it neglects Rayleigh waves and Head waves. The principle is described on Figure 1 in the case of a normal force. To estimate the displacement produced at the observation point, noted R, by a loading force, F, placed in 0, we calculate the displacement produced in 0 by a force, fz , placed in R. According to the reciprocity theorem:
ii2(G). 7' = a'(a) .T2
(1)
The displacement field produced by an arbitrary transducer is estimated by numerically integrating this elementary solution on the effective radiating surface. This model, implemented in the 'Champs-Sons' software, permits simulation of the field transmitted by a flexible phased array transducer applied on any arbitrary piece, taking into account the distortion of its radiating surface.
DESCRIPTION OF THE SYSTEM
The system is composed of three parts : a flexible phased array contact transducer, a radiating surface distortion measurement instrumentation and a delay law optimizing algorithm.
The Flexible Phased Array Contact Transducer
The transducer is composed of 24 rigid elementary ultrasonic transducers (elements) mechanically assembled with cables and helical springs to obtain a jointed structure. The design of each elements ensures distortions of the radiating surface with a 15 mm local curvature radius (see Figure 2 ). The ultrasonic performances of each element experimentally measured in the pulse-echo mode show good reliability in sensitivity, central frequency, (about 2.5 MHz), and bandwidth, (about 50-60 %). To control the transmitted beam with phased array techniques, the actual position of each element has to be known. To this aim, a specific instrumentation using a micro-wave technology has been developed. It is composed of two micro-wave antenna fixed on the rigid case of the transducer and of a set of modulated sensors placed behind a reduced number of elements (see Figure 3) Using the modulated phased techniques [7] , the distance separating each sensor from the two antenna can be measured, the selected elements are then localized by triangulation. At last, the radiating surface profile is estimated using a cubic spline interpolation. A first prototype has been realized. The validation of its performances in terms of resolution and acquisition rate is in progress.
The Delay Law Optimizing Algorithm
In the most common way, the focusing process with a phased array is as follows : the focal characteristics, depth and deflection angle, define the "geometrical focusing" point and the associated delay law is computed to ensure constructive interferences at this point. However, significant differences between "acoustical focusing" characteristics, measured on the transmitted beam, and "geometrical" ones, imposed by the delay law are observed. This behavior, well known in the phased array techniques, results from the limited aperture of the transducer [S] . To overcome this problem, a delay law optimizing algorithm has been developed to control the transmitted beam [9] .This algorithm, based on simple geometrical equations, is fast enough to be used with the "F.A.U.S.T." (Focusing Adantive Ultrasonic Tomography) system [lo-121, in a dynamic adaptive focusing " prockss. 
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EXPERIMENTAL RESULTS
At the present time, the instrumentation designed to measure the distortion of the radiating surface is not associated to the jointed transducer. These preliminary experimental results have been obtained using the actual position of the elements computed by a model simulating the distortion of the radiating surface on the several profiles.
Experiments in Transmission Mode
. Firstly, the field transmitted through several complex interfaces is compared to that obtained through the plane one. The aim is to estimate how the effects caused by the distortion of the radiating surface on the transmitted beam are dealt with. Examples are represented in the Figure 4 for a 40 mm depth focusing with a 45" deflection angle in a very unfavorable case : a concave/convex interface with a 25 mrn radius curvature. The grating lobe level and the focal width are reported on the echodynamic.
In all the studied focusing configurations (profile, depth, deflection angle) a good agreement between experimental and simulated results is observed. The characteristics of the focal area (position, orientation, width, amplitude) are well predicted. Only a low underestimation of the grating lobe level can be observed in the case of the concave/convex profile. Moreover, compared to a plane interface, the distortions of the transmitted focal beam remain acceptable although significant distortions suffered by the radiating surface. So, the maximal increase of the focal width is about 40%, and the maximal loss in sensitivity is about 3-4 dB. The maximal increase of the grating lobe level is about 3 dB. At last, the actual focal beam orientation, the average discrepancy obtained with the optimized delay law is less than 2". The characteristics of the focal beam transmitted at the several positions are very close to those obtained through the plane interface. The orientation of the transmitted beam is nearly constant along the transducer displacement. The maximal variations are less than 2". The variations in sensitivity are in the order of 1 and 2 dB respectively for a focusing at 45 and 60". The focal width is nearly constant except at one position, situated 10 mm before the depression center, where it is even lower. At last, no significant increase of the grating lobe level are observed (less than 2 dB).
These results show the ability of the jointed transducer used with the optimized delay law to correct the geometrical aberrations and to transmit a focal beam with controlled and homogeneous characteristics. In the following, the performances of this system in terms of defect detection and characterization through irregular interfaces are estimated. 
Experiments in the Pulse-echo Mode
The profile of the steel specimen comports two parts : a plane one and an irregular one, representative of a real component inspected on site. To have a performance reference, the same defects are embedded under the plane and the irregular interface. The inspections are made using two focusing modes. In the so-called " static mode ", the distortion of the radiating surface is not taken into account. The delay law computed for a plane interface is applied through all the scanning displacement. In the " adaptive mode ", the actual positions of the elements are supposed to be known and the delay law is dynamically adapted according to the profile.
The first acquisitions have been performed on a set of side drilled holes, embedded at several depths. Figure 6 represents the inspection with 45" longitudinal waves focusing at 30mm depth. In the static mode, the holes embedded under the irregular interface are partially detected and incorrectly positioned. Using the adaptive focusing mode, the results are similar to those obtain through the plane interface : all the reflectors are well detected, and correctly positioned in the piece. In the same way, inspection of 5.0 and 10.0 mm height tilted notches with 45" (L45) and 70" (L70) longitudinal waves have been performed (Figure 7 and 8) . Using the static focusing mode, none of the two defects are detected. With the adaptive focusing mode they are both detected, positioned and characterized. The inspection with L45 waves gives rise to two echoes : a diffraction echo (top of the notch) and a corner echo (reflection on the backwall and the notch), whereas the inspection with L70 allow to assess the tilted notches with specular reflection, thus giving rise to a single echo. These experiments validate the ability of the system to improve detection, positioning, and characterization of defects through irregular geometry specimen. 
CONCLUSION
We propose a new concept of phased array contact transducer designed to optimize the inspection of complex geometry components. Its radiating surface is flexible to optimize the contact along degraded or complex profiles. An algorithm, based on a simplified geometrical model, is proposed to determine, in a fast way, the delay law ensuring the control of the transmitted focused beam characteristics.
Experimental results obtained in transmission with a jointed transducer validate the good behavior predicted by simulated data. In particular, the use of the delay law optimizing algorithm ensures the transmission of an homogeneous and controlled beam during the transducer displacement along complex geometry.
Inspections in the pulse-echo mode of cylindrical and planar defects embedded both under a plane and an irregular profile validate the performances of this system : whatever the interface is, the defects are correctly detected, localized and characterized.
